Betel nut (Areca catecu) chewing is a common practice across various Asian-Pacific areas and among a small number of migrant communities in Western countries. It is ranked fourth among the most prevalent abuse substances worldwide after caffeine, tobacco, and alcohol (Gupta & Ray, 2004; Winstock, 2002; Winstock, Trivedy, Warnakulasuriy, & Peters, 2000) . Recent studies found that betel nut chewing can improve habitual chewers' useful field of view after one night of deprivation (Ho & Wang, 2010) and can concentrate habitual chewers' attention foveally (Ho & Wang, 2011) . Although betel nut is regarded as a human carcinogen by the World Health Organization (International Agency for Research on Cancer, 2004) , chewing betel nut remains popular among people in Taiwan (Chen & Shaw, 1996; Chuang, Chang, & Chang, 2007) .
One important, yet unexplored, issue about betel nut is whether habitual chewers have a bias to selectively attend to betel nut cues at the expense of other stimuli. This issue is important because attentional bias toward substance has been demonstrated to relate to the craving for the substance (Field, Munafò, & Franken, 2009) , thus increasing the likelihood of consuming the substance (Kavanagh, Andrade & May, 2005; Schoenmakers et al., 2010) , and, in this case, the risk of betel-nut-related diseases (e.g., oral submucous fibrosis).
The visual probe task is a common task employed to measure attentional bias toward substance cues. In a typical visual probe task, participants respond as quickly as possible to a visual probe presented immediately after the offset of a pair of pictures or words. Many studies have shown that substance users can respond faster to the probe replacing a substance-related stimulus than a matched, unrelated one (for reviews, see Field & Cox, 2008; Robbins & Ehrman, 2004) . This indicates a preferential attentional allocation to the locations of substance-related stimuli.
The presentation duration of substance-related stimuli can be manipulated to explore different underlying mechanisms of attentional processing (Field, Mogg, Zetteler, & Bradley, 2004) . Stimuli presented below the awareness threshold (e.g., 17 ms) can reflect preconscious processing, whereas a rapid presentation (e.g., 200 ms) may indicate biases in the initial shifts in attention. The incentive sensitization theory (Robinson & Berridge, 1993 , 2003 argues that repeated exposure to the substance renders the brain hypersensitive to the substance and substance-related cues. Through classical conditioning, the substance-related cues (conditioned stimuli) are progressively associated with the addictive substance (unconditioned stimuli), thereby acquiring conditioned incentive properties (i.e., incentive salience). Consequently, such cues become highly attractive and can capture substance users' attention; this reaction may operate automatically and outside conscious awareness. With increased consumption of addictive substance, the substance-related cues require more incentive salience and may increase the likelihood of attentional bias for substance-related cues.
Longer presentations (e.g., 2,000 ms) of substance cue was also often used to allow multiple shifts in attention, representing maintained attention (Franken, 2003; LaBerge, 1995) . Two partially separate neural systems may underlie attentional biases under awareness threshold, and in initial orienting and maintained attention (LaBerge, 1995; for a review, see Corbetta & Shulman, 2002) . For example, maintained attention that involves voluntary control may rely on a dorsal frontoparietal network, whereas attentional biases under awareness threshold and in initial orienting that involve reflexive control of attention may rely on a ventral frontoparietal network. Some studies (e.g., Mogg & Bradley, 2002; Townshend & Duka, 2001 ) adopted 500-ms duration and considered that this duration reflected initial orienting. This view was primarily based on the eye movement studies on biases in overt attention (e.g., Bradley, Mogg, & Millar, 2000; Mogg, Bradley, Field, & De Houwer, 2003) , suggesting that the initial gaze fixations were associated with attentional biases within 500-ms presentation. However, the attentional processing underlying 500-ms duration involves both initial orienting and multiple shifts over substances (i.e., maintained attention; Field et al., 2004) . Therefore, the current study employed presentation duration of 200 ms, rather than 500 ms, to investigate attentional bias in initial orienting for betel nut cues.
Many studies have investigated attentional bias toward addictive substances for heavy and light users by using primarily 500-and 2,000-ms durations (for reviews, see Robbins & Ehrman, 2004) . For example, heavy drinkers of alcohol exhibited greater attentional bias than light drinkers did for alcohol cues presented for 500 ms Townshend & Duka, 2001 ) and 2,000 ms , but not for 200 ms. However, attentional bias may depend on the type of substance used. The results in the case of smokers appear mixed. In some studies, heavy smokers showed greater attentional bias than light smokers did at 200-ms and 2,000-ms presentation durations (e.g., Bradley, Field, Mogg, & De Houwer, 2004) . However, some studies reported the reverse pattern (light smokers had greater attentional bias; e.g., Bradley, Mogg, Wright, & Field, 2003; Hogarth, Mogg, Bradley, Duka, & Dickinson, 2003; Mogg, Field, & Bradley, 2005) or null results (e.g., Waters, Shiffman, Bradley, & Mogg, 2003) .
The reversed or null effect of attentional bias may be attributed to the reduced, or even diminished, incentive salience of smoking cues in heavy smokers relative to the light smokers (Mogg et al., 2005) . Mogg et al. (2005) speculated that these reduced incentive effects of smoking cues may be associated with an increase in automaticity of smoking behavior among heavy smokers Tiffany, 1990) , thereby reducing the importance of external smoking cues in determining smoking behavior.
We aim to reveal whether attentional bias exists among the heavy betel nut chewers under the awareness threshold in initial orienting and in maintained attention. Since the betel nut is a distinctive psychoactive substance that is exotic to Western societies, betel nut chewers' attentional bias for betel nut cues remains fairly undiscovered. We adopted the experimental design guided by the methodology developed by Bradley et al. (2004) . Specifically, we utilized a short presentation of 200 ms to assess initial orienting of attention, a long presentation of 2,000 ms to assess maintenance of attention, and an extremely short presentation of 17 ms to assess subliminal attentional bias.
Our main hypothesis, following Robinson and Berridge (1993 , 2003 and LaBerge (1995) , was that heavy chewers, rather than light chewers, would exhibit attentional bias at 200-ms and 2,000-ms presentations. Alternatively, it remained possible that the incentive salience of betel nut cues might be diminished in heavy chewers, as in the case of heavy smokers (e.g., Mogg et al. 2005) . Consequently, the light chewers, rather than the heavy chewers, might exhibit greater attentional bias. Further, we tested subliminal attentional bias at 17-ms presentation that was not found in previous studies (e.g., Bradley et al., 2004) .
Method Participants
The participants were recruited via three methods. First, the agency from human resource companies introduced day labors who were habitual to chewing betel nut. Second, we posted the recruitment advertisement on the largest bulletin board system (BBS) in Taiwan. Third, we asked former participants to introduce other betel nut chewers. Betel nut chewing participants were eligible if they were (a) current betel nut chewers, (b) at least 18 years of age, and (c) free from current major medical or vision problems that could interfere with the experiment protocol. All of the participants were compensated for participation, receiving 500 NT dollars as honorarium.
The final sample included 95 betel nut chewers. We split the chewers by using the median (26) of these chewers' dependence scores, measured by the Betel Nut Dependency Scale (BNDS; Li, Ho, Tang, & Chang, 2012) . The BNDS consists of three factors: craving and desire (four items), withdrawal response (four items), and tasting habits (three items). Higher scores indicate a higher level of dependence on betel nuts. As a result, chewers with BNDS scores equal to or larger than the median were categorized as heavy chewers (N ϭ 53; one female). Alternatively, chewers with BNDS scores smaller than the median were categorized as light chewers (N ϭ 42; three females).
Apparatus
Both visual probe tasks were programmed with E-prime software (Schneider, Eschman, & Zuccolotto, 2002) and presented on a 17-in. CRT desktop monitor (refresh rate ϭ 85 Hz).
Materials
A set of 20 areca-related color photographs (14.6°in length ϫ 10.2°in width) was paired with matched photographs without areca content. Each pair of stimuli were cautiously produced and edited to be as perceptually identical as possible, except for the areca content (e.g., a man pinching a betel nut toward his mouth vs. pinching a piece of chewing gum). An addition of 20 pairs of non-areca-related photographs were used as stimuli for filler trials, and their reaction time (RT) did not enter the analysis process.
The matched pictures would be 3.4°apart, edge to edge, when they were simultaneously presented on the monitor. In each trial, the probe consisted of an arrow sign, which was randomly either pointing up or down; it appeared on one of a pair of pictures, 6°a part from the fixation point. A mask made of one of the filler photographs and cut into 35 pieces, and randomly rearranged into a mosaic format, was used to ensure the exact presentation stimulus onset asynchrony (SOA) in the 1-ms trials.
Procedure
The habitual betel nut chewers needed to complete an integrative questionnaire form, which was used to collect demographic background, major medical history, betel nut usage histories, and BNDS (Li et al., 2012) . After completing the questionnaire, participants were asked to rate their urge to chew at this moment (preurge). Participants then completed the masked task, followed by the awareness check and the second rating of their urge to chew (middle urge). Participants then completed the unmasked task, in which stimuli were randomly presented in either SOA of 200 ms or 2,000 ms. Finally, participants were asked to rate their urge to chew (posturge). To rate their urge to chew, we asked participants to assess "how strong your urge to chew is right now" on an anchored rating scale, which ranged from 0 (not at all) to 10 (extremely).
The urge rating and visual probe tasks were administered in a dimly lit room, where each participant leaned his or her chin on a chinrest with a viewing distance of 50 cm from the monitor. In each of the masked and the unmasked tasks, all of the participants had to pass the practice trials (16 trials in each of masked and unmasked tasks). Both tasks included two additional nonareca buffer trials. Each SOA manipulation had 120 formal trials presented randomly (80 critical test trials and 40 filler trials). Each of 20 experimental picture pairs (areca-related picture and matched neutral picture) was repeated four times, with areca-related picture equally and randomly on the left and right of the center. The arrow appeared on the areca-related picture or the matched neutral picture equally and randomly. The arrow pointed upward or downward equally and randomly. Similarly, each of 20 filler pairs repeated twice, with each picture appearing equally on the left or right of the center fixation point. In the filler trials, the presentation of arrow location (left or right) and arrow direction (pointing upward or downward) were equally and randomly distributed.
Throughout the whole visual probe task, each participant was instructed to focus on a central fixation point at all times. After a mere fixation presented for 1,000 ms, two pictorial cues would appear, side by side, for 17, 200, or 2,000 ms. In the masked task, the mask appeared for 50 ms to mask the pictorial cues. After the mask disappeared in the masked task, or after the pictorial cues disappeared in the unmasked task, an arrow-shaped probe appeared immediately. The participant was asked to press the corresponding keys (direction of arrow) as accurately and quickly as possible. An erroneous response was signaled with a warning tone. For every 60 trials presented, there was a break interval, and the duration of the break interval could match the participant's need.
After the masked 17-ms task and before the unmasked task, an additional awareness check was designed to check whether each picture remained in the subliminal processing. This manipulation check consisted of 10 practice, 2 buffer, and 40 formal trials. In the formal trials, 20 experimental picture pairs and 20 filler picture pairs from the 17-ms masked task were presented in random order. The locations of pictures were randomized. The design was similar to the 17-ms masked task except that each participant was asked to report whether areca-related pictures were present. Participants were instructed to press "O" when areca-related pictures were present and "X" when absent.
Results and Discussion

Participant Characteristics
Summary data for heavy and light chewers are shown in Table  1 . The measures listed in Table 1 -except for the overall bias and the biases at three durations-were log transformed before the independent samples t tests and correlation analysis (described later) to reduce skewness. Because the items of urge to chew (pretask, middle task, and posttask) and hours since last chew had values of zero, their values were added by one before log transformation. The groups did not have any differences in gender ratio (Yates-corrected 2 ϭ .57, df ϭ 1, p ϭ .45).
Assessing Attentional Bias in Heavy and Light Chewers
Practice trials, buffer and filler trials, and erroneous trials (1% in the masked task and 1% in the unmasked task) were excluded from the analysis. All of the participants had at least a 90% hit rate in both masked and unmasked tasks. Correct latencies in formal trials that were less than 200 ms and more than 2,000 ms were also excluded, leading to a loss of .8% of data.
A one-way ANOVA was conducted to examine the possible group difference in awareness check of subliminal presentation (17 ms). The hit rates between the heavy chewers (M ϭ .50, SD ϭ .04) Note. Standard deviations are in parentheses. For the weekly expense, participants selected from the following options (unit is NT dollars): (1) none, (2) within 100, (3) 100 -200, (4) 200 -300, (5) 300 -400 (6) 400 -500, and (7) and the light chewers (M ϭ .51, SD ϭ .03) were comparable, F(1, 93) ϭ 3.12, MSe ϭ .001, p ϭ .08, p 2 ϭ .033. More importantly, the one-sample t tests revealed that the hit rates for the heavy, t(52) ϭ .97, p ϭ .34, and the light, t(41) ϭ 1.56, p ϭ .12, groups were about the chance ratio of .50, suggesting that participants were unaware of the stimuli content while performing the mask task.
To assess attentional bias under awareness (17 ms) in the masked task, we conducted a 2 (Group: heavy or light chewers) ϫ 2 (Probe Location: matched or betel nut cue) ANOVA (see Table  2 ). We did not find any significant effects (all ps Ͼ .4). This indicated that there was no attentional bias under awareness for both groups.
To assess attentional bias in initial orienting, and maintained attention in the unmasked task, a 2 (Group: heavy or light chewers) ϫ 2 (SOA: 200, or 2,000 ms) ϫ 2 (Probe Location: matched or betel nut cue) ANOVA was conducted. The main effect of probe location were significant, F(1, 93) . Further analysis showed equivalent probe RTs on the betel nut cues (600.8 ms) and matched cues (600.5 ms) for the light chewers (p ϭ .95). For the heavy chewers, the probe RTs on the betel nut cues (630.6 ms) were faster than the matched cues (655.6 ms), t(52) ϭ 2.59, p Ͻ .05, indicating an attentional bias across 200-and 2,000-ms presentations. There were no other significant main and interaction effects (all ps Ͼ .05).
To further specify the time courses where attentional bias was likely to occur, we compared the probe RTs on betel nut cues and matched cues at 200-and 2,000-ms durations for each group. For the heavy chewers, the probe RT difference (attentional bias) was significant at 200-ms SOA, t(52) ϭ 3.10, p Ͻ .005, and marginally significant at 2,000-ms SOA, t(52) ϭ 1.91, p ϭ .06. For the light chewers, there was no significant probe RT difference at any SOA level (all ps Ͼ .78).
Correlations Between Betel-Related Measures
Pearson correlations were conducted to investigate relationships between betel-related measurements listed in Table 3 . As previously mentioned, all measurements were log transformed before analysis. Age, monthly income, and betel nut use history (weekly expense, numbers per day, days per week, months; r values ranged from .25 to .60) were positively correlated. BNDS was positively related to betel nut use history (weekly expense, numbers per day, days per week, months) and urge to chew (pre-, middle, and posttask; r values ranged from .23 to .58) but negatively related to hours since last chew (r ϭ Ϫ.35).
Correlations Between Attentional Bias and Betel-Related Measures
Pearson correlations were employed to examine relationships between overall bias, biases at three durations, and betel-related measurements listed in Table 1 . Overall bias was positively related to biases at three durations: weekly expense, days per week, BNDS, and urge to chew (pre-, middle, and posttask; r values ranged from .21 to .92). Attentional bias scores at 200 ms were positively correlated with bias at 2,000 ms, weekly expense, days per week, BNDS, and urge to chew (posttask; r values ranged from .23 to .58). Attentional bias scores at 2,000 ms were positively correlated with bias at 200 ms, BNDS, and urge to chew (pre-, middle, and posttask; r values ranged from .21 to .58).
General Discussion
We reported that heavy chewers exhibited biases to betel nut cues primarily in initial orienting of attention and maintained attention. The light chewers did not show attentional biases to betel nut cues. Attentional bias to betel nut cues in heavy chewers led us to reject a proposal that betel nut cues are not important for heavy chewers because the chewing behavior is automatic, as in the smoking case Mogg et al., 2005) . The current findings extended the knowledge of attentional bias for addictive substances familiar to the Western societies (e.g., alcohol and cigarettes) to the one herein commonly used yet barely known to them.
Both heavy and light chewers did not show attentional bias in preconscious processing. This result was consistent with previous studies that typically did not report subliminal attentional bias for addictive substance cues (e.g., Bradley et al., 2004) . It has been proposed that subliminal attentional bias may occur primarily for aversive cues (e.g., a fearful face; for a review, see Cisler, Bacon, & Williams, 2009; Mogg, Bradley, & Williams, 1995) rather than appetitive cues (e.g., Bradley et al., 2004; Franken, Kroon, Wiers, & Jansen, 2000) .
As for supraliminal attentional bias, we reported a rapid, initial orienting for betel nut cues in heavy chewers when the betel nut stimuli flashed briefly for 200 ms. In the same group, we demonstrated a trend of bias in maintenance of attention on betel nut cues, reflecting motivational processes (LaBerge, 1995) . The finding of initial orienting appears mixed, a result perhaps dependent on but not in alcohol drinkers . Possibly, incentive salience was developed for different substance cues in different rates, thus seizing attention to different extents. For example, cigarette and betel nut cues may be faster than alcohol cues to acquire incentive salience, thereby attracting attention at short presentation. In opposition to the mixed patterns at 200-ms duration, maintained attention (2,000 ms) has been consistently observed in substance users, particularly in heavy users. Attentional bias in maintained attention may be a general phenomenon for heavy users across substances (Field, Eastwood, Bradley, & Mogg, 2006; Field et al., 2004) because habitual substance users are usually motivated to consume addictive substances, and such bias is influenced by motivational need states (LaBerge, 1995) . Overall bias and attentional bias at 2,000 ms were shown to be positively associated with betel nut craving and dependence. These positive correlations have also been reported across various substances, supporting the view that biases in maintained attention may be a general phenomenon for substance users (Field, Eastwood, et al., 2006) . Attentional bias in maintained attention was associated with self-reported urge to chew before, in the middle of, and after the visual probe task. This result was consistent with studies using other substances, such as cigarettes (e.g., Field, Mogg, & Bradley, 2004a; Mogg et al., 2003) , alcohol (e.g., Field et al., 2004) , cocaine (e.g., Franken, Kroon, & Hendriks, 2000) , and cannabis (e.g., Field, Mogg, & Bradley, 2004b) . Attentional bias in maintained attention was also positively associated with dependence level, as measured by BNDS (Li et al., 2012) . This result was consistent with previous studies on cigarettes (e.g., Bradley et al., 2003; Mogg et al., 2005) , alcohol (e.g., Townshend & Duka, 2001) , and cannabis (e.g., Field, 2005) . In contrast, attentional scores at 200 ms were only positively associated with the urge to chew measured after the task. This weak correlation between initial orienting and urge was consistent with a recent meta-analytic study (Field et al., 2009) . As noted by Field et al. (2009) , their result of weak correlation was based on a small number (N ϭ 12) of studies, so future studies are necessary to confirm this correlation.
In conclusion, the current study reported that heavy betel nut chewers showed attentional biases for betel nut cues in initial orienting and maintained attention. In the current study, we were particularly interested in attentional biases to betel nut cues among heavy and light chewers. Thus, the inclusion of habitual chewers should be sufficient to answer our research question. However, since nonchewers were not included, the current results should be generalized to a possible attentional bias difference between chewers and nonchewers. 
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